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Description 

Magnetic field sensor and method for the operation 
thereof 

5 

The invention relates to a magnetic field sensor 
comprising a sensor arrangement, which is supplied by a 
supply device, and generates a sensor signal, and 
comprising an evaluation device, to which the sensor 
10 signal is fed and which outputs an output signal. The 
invention furthermore relates to a method for the 
operation of the magnetic field sensor. 



Such a magnetic field sensor, known from EP 0525235 Bl, 
15 has a self -compensation that obviates individual 
adjustment measures of the magnetic field sensor by 
means of a thermal and technological coupling of a Hall 
element and its supply devices. For this purpose, the 
corresponding elements are embodied jointly in an 
20 integrated circuit. 

A further magnetic field sensor of the aforementioned 
type is known from DE 4431703 Al, wherein a magnetic 
field sensor is proposed which, besides a compensation 
25 of the offset of the Hall element, concomitantly takes 
account of the offset of the evaluation device 
connected downstream and thus enables a greater 
accuracy. 

3 0 Hall elements are typical sensor elements which can be 
used to construct a magnetic field sensor and which 
usually interact in an array or a Hall element 
arrangement. A Hall element outputs a voltage signal in 
the magnetic field as a Hall signal if a current flows 

3 5 through it perpendicular to the magnetic field. The 
Hall signal, that is to say the Hall voltage, is 
dependent on the product of the vertical component of 
the magnetic flux density, the Hall current and the 
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Hall constant. The Hall constant, which specifies the 
sensitivity of the Hall element, is material -dependent . 

During operation in practice, a noise voltage composed 
5 of noise components of the Hall element and the 
downstream evaluation device is superposed on the 
useful signal of the Hall voltage formed from the Hall 
constant of the component, the vertical component of 
the magnetic flux density and the Hall current. Noise 
10 components of this type may result from temperature and 
material dependence . 

Further components of the noise signal may arise from 
the concrete application. Thus, EP 0916074 Bl specifies 
15 a magnetic rotation sensor, in which a magnet mounted 
on an axis is arranged above a Hall element array. The 
Hall element arrangement itself comprises a number of 
individual sensor elements which are in a specific 
geometrical arrangement with respect to one another. 

2 0 The evaluation device connected downstream of the Hall 

element array determines the rotation angle of the axis 
from the Hall signal of the Hall element. Different 
temperature responses of the magnet and of the Hall 
element and also different distances between these two 
25 elements influence the useful signal, in particular. 
The distance between useful signal and noise signal is 
thereby altered. 

If the Hall signal is digitized for the purpose of 

3 0 digital further processing, the dynamic range of the 

analog- to-digital converter that performs the 
digitization cannot be fully exhausted on account of 
the changes in the useful signal amplitude of the Hall 
signal . 

35 

The invention is based on the object of specifying a 
magnetic field sensor and a method for the operation 



P2004 / 0187 - 3 - 

thereof which result in a better behavior of the 
magnetic field sensor. 

This object is achieved by means of a magnetic sensor 
5 and by means of a method for the operation thereof in 
accordance with the independent claims. Advantageous 
configurations of the invention are characterized in 
further claims. 

10 The invention is based on the concept of conditioning 
the sensor signal or the output signal of the 
evaluation device of the magnetic field sensor and 
generating a control signal with the aid of a feedback 
device, by means of which control signal the magnitude 

15 of the supply current or of the supply voltage can be 
altered.. For this purpose, preferably, the amplitude of 
the sensor signal is determined and the supply current 
or the supply voltage of the sensor arrangement is set 
in a closed control loop such that the amplitude of the 

20 sensor signal remains constant. 

It is particularly advantageous that by means of a 
magnetic field sensor of this type and by means of the 
method for the operation thereof, it is possible to 

2 5 generate an output signal of the magnetic field sensor 

which has an optimized signal-to-noise ratio. 

It is furthermore advantageous that the analog- to- 
digital converter (ADC) required in the case of digital 

3 0 further processing of the sensor signal may have a 

smaller bit width than would be necessary without the 
regulation. The ADC can thus be constructed more simply 
and more cost-effectively. 

3 5 It is particularly advantageous if the output signal of 
the evaluation device corresponds to the amplitude of 
the sensor signal and said amplitude is determined by a 
comparison with a desired amplitude value. The supply 
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current or the supply voltage is then set by means of 
the amplification device such that the amplitude of the 
sensor signal remains constant. 

5 In one embodiment of the magnetic field sensor 
comprising Hall elements, the individual elements of 
the Hall element arrangement are preferably arranged 
such that they generate two measurement signals that 
are phase-shifted by 90°; in particular, the Hall 

10 elements are arranged in a manner offset by 90° with 
respect to one another. In the case of a rotation angle 
sensor, the amplitude of the Hall signal can then be 
determined in a simple manner. Given - a sinusoidal 
profile of the two phase- shifted measurement signals, 

15 the amplitude can be generated by squaring each 
measurement signal and subsequently adding the squared 
signals. 

One advantageous configuration provides for the 

2 0 measurement signals of the sensor arrangement to be 

digitized and processed further in a computation 
device. The computation device generates on the one 
hand the desired output signal, for example the 
rotation angle, and on the other hand the amplitude 
25 information for the sensor signal. 

In one particularly preferred embodiment, it is 
provided that the feedback device contains a 
comparator, which compares the amplitude signal of the 

3 0 magnetic field sensor with a reference value, that a 

counter is connected downstream of the comparator, 
which counter effects up-counting or down-counting 
depending on the output signal of the comparator, and 
that the value of the counter is converted into a 
3 5 control signal for the supply current or the supply 
voltage by means of a digital-to-analog converter 
(DAC) . 
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A further advantageous configuration provides for the 
supply current or the supply voltage to be composed of 
a DC component and a controllable component, e.g. a DC 
current of a constant -current source and the current of 
5 a controlled current source, the controlled component 
being controlled by the feedback or amplification 
device. In this way, the function of the magnetic field 
sensor is ensured if the controlled component is not 
driven. 

10 

A further advantageous configuration of the invention 
provides for using and conditioning the control signals 
for the counter provided in the feedback path as status 
information. In this way, it is possible to ascertain 

15 the status of the control device, in particular the - 
increase or decrease in the control information of the 
controlled component and thus the amplitude of the 
sensor signal or an overflow of the counter and thus a 
departure from the control range of the magnetic field 

2 0 sensor. Furthermore, with status information of this 
type, it is possible to use a dynamic identification of 
a "pushbutton" function independently of the absolute 
value . 

25 The invention is explained in more detail below on the 
basis of exemplary embodiments and associated figures 
of the drawing. The figures serve solely for 
illustrating the invention and are therefore 
represented only schematically and not true to scale. 

30 Identical or identically acting elements are provided 
with identical reference symbols. In the figures: 

figure 1 shows a schematic construction of a magnetic 
field sensor comprising a Hall element arrangement, 

35 

figure 2 shows a more detailed schematic illustration 
of the amplification device, and 
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figure 3 shows a schematic arrangement of a rotating 
field sensor. 

The invention is described below on the basis of a 
5 magnetic field sensor comprising a Hall element 
arrangement. In accordance with figure 1, a magnetic 
field sensor H, in particular a Hall element 
arrangement, is provided, which preferably comprises a 
plurality of sensor elements SE. Preferably, four 
10 sensor elements in each case are combined to form a 
sensor arrangement . 

The Hall elements of the sensor H are individually 
supplied by a supply device, or in the exemplary 

15 embodiment are fed by a current source containing a 
fixed current source FS and a controlled current source 
GS . The fixed current source FS generates a fixed 
operating current for the Hall elements of the magnetic 
field sensor H by means of a voltage and current supply 

20 device (not specifically illustrated) of the magnetic 
field sensor. The controlled current source GS 
generates the controlled current determined by the 
feedback path. The two partial currents form the Hall 
current IH. 

25 

The two Hall sensor arrangements are oriented such that 
the measurement signals that they generate are phase - 
shifted by 90° with respect to one another. If, in one 
preferred embodiment, the magnetic field sensor is a 

3 0 rotation sensor, the first measurement signal has a 
sinusoidal profile, while the second measurement signal 
has a cosinusoidal profile. After preamplif ication in 
the preamplifier V, both measurement signals pass to 
the analog- to-digital converter ADC. The latter carries 

35 out the analog- to-digital conversion, for example with 
the aid of a sigma-delta modulator, so that, after 
digital filtering that is possibly provided as well, a 
digitized sine signal and a digitized cosine signal are 



P2004 , 0187 



- 7 - 



available at the output of the ADC. The two signals are 
subsequently combined and processed in the computation 
device R. 

5 The computation device R executes an algorithm with the 
digitized signals, so that the desired output signal or 
output signals is or are available at the output of the 
computation device. In the example of a rotating field 
sensor, the angle W is thus available and is fed in at 
10 an interface IF, which provides the., signal output to 
external connections or carries out a further 
processing of the digital angle signal W. 

The actual value amplitude AI of the Hall signal from 
15 the two measurement signals is available as another 
output signal of the computation device. For this 
purpose, the computation device R executes the 
mathematical relationship 

20 sin 2 W + cos 2 W = 1. 

The computation device R is usually ' embodied as a 
digital signal processor (DSP) . In the case of a 
rotating field sensor, this is also referred to as 

25 CORDIC (Coordinate Rotational Digital Computer) . One 
possible algorithm is described in "IEEE Transactions 
on Circuits and Systems - II: Analog and Digital Signal 
Processing", Vol. 48, No. 6, June 2001, pp. 548 to 561. 
It goes without saying that such a CORDIC may also 

3 0 execute other algorithms. Likewise, in the case of a 
different measurement quantity to be detected by the 
magnetic field sensor, with the digital processor, it 
is possible to execute a different algorithm in the 
DSP. 

35 

The actual value amplitude AI of the Hall signal is 
then fed in a feedback loop to a feedback device RV, 
which outputs a control signal for controlling the 
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controlled current source GS at its output. In 
figure 1, the feedback device is an amplification 
device and may also be referred to as AGC (Automatic 
Gain Control) . A desired signal AS for the amplitude of 
5 the Hall signal is fed to the feedback device RV at a 
second input . 

In accordance with figure 2, which illustrates details 
of the construction of the feedback or amplification 

10 device RV, the amplification device contains a digital 
comparator K, a counter Z and a digital-to-analog 
converter DAC. The actual values of the amplitude AI 
and the desired values of the amplitude AS of the Hall 
signal are fed to the digital comparator. The desired 

15 value AS preferably corresponds to an optimum amplitude 
at the input of the ADC. 

The digital comparator K generates an output signal 
from its two input signals AI and AS, said output 

20 signal being fed to a counter Z. The counter Z is 
embodied as an up/down counter. The value of the 
counter results for example by counting a clock 
frequency. In the example of figure 2, two output 
signals U and D of the comparator K are provided at 

25 connections of like polarity, of which output U is 
activated if the counter Z is intended to effect up- 
counting, while the output D is activated if the 
counter Z is intended to effect down- counting . 

3 0 On the output side, the counter value is fed to the 
digital-to-analog converter DAC, which converts the 
counter value into an analog signal that in turn 
controls the controlled current source GS (not 
specifically illustrated) . The controlled current 

3 5 source may, moreover, be embodied in a manner known 
from the prior art. 
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The output of the digital comparator K is routed out in 
parallel with the counter separately at the terminals U 
and D. The control signals U and D for the counter Z 
may be used as status information for the magnetic 
5 field sensor. Thus/ by way of example, in the event of 
a change in the distance between the magnet and the 
Hall sensor, it is necessary to readjust the Hall 
current* with the aid of the control loop described. The 
regulation of the control loop closed with the feedback 
10 device RV improves the noise behavior of the magnetic 
field sensor. 

This readjustment of the control loop can be indicated 
with the aid of the control signals for the counter 

15 that are used as status information, because one signal 
U is characteristic of up-counting and the other signal 
D is characteristic of down- counting . Consequently, it 
can be ascertained externally in a simple manner 
whether the distance between magnet and Hall element 

20 has altered and in which direction it has altered. In 
addition, it is possible, by means of an activation of 
the two signals U and D, respectively to indicate a 
counter overflow above the upper permissible value or 
downward below the lower permissible value, which 

2 5 corresponds to a departure from the control range of 

the amplification device. In this way, errors can be 
ascertained in a simple manner. 

On account of the control of the amplitude of the Hall 

3 0 signal, the elements of the magnetic field sensor can 

be optimally adapted to the given conditions of use. It 
is thus possible to reduce the bit width of the ADC by 
one or even two bits relative to a non-regulated 
embodiment. As a result, these elements can be realized 
3 5 in a less complicated fashion and hence more cost- 
effectively. 
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Finally, figure 3 shows for illustration purposes the 
rotation sensor arrangement known from EP 0916074 Bl . 
On a rotation axis DA, a magnet is fitted above a Hall 
element H with downstream evaluation circuit. The 
invention now enables an improved measurement and 
evaluation having a largely independent signal-to-noise 
ratio relative to changes in distance between magnet 
and Hall element arrangement. In principle, signal 
changes based on a Hall element/magnet ratio tilted 
from the vertical or a non-central Hall element/magnet 
relationship can also be at least partly compensated 
for and thus enable a better useful signal. 

It should be mentioned that the invention is not 
restricted to Hall arrangements, rather the concept of 
the regulated sensor arrangement can also be realized 
with other sensors based on other physical principles. 
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Patent claims 

1. A magnetic field sensor comprising a sensor 
arrangement (H) , which is supplied by a supply device 

5 (IH) and generates a sensor signal, comprising an 
evaluation device (ADC, R) , to which the sensor signal 
is fed and which outputs a first output signal (AI) , 
and comprising a feedback device (RV) , to which the 
first output signal is fed and which controls the 
10 supply device. 

2. The magnetic field sensor as claimed in claim 1, 
characterized in that the sensor arrangement contains a 
Hall element arrangement (H) , which is fed by a Hall 

15 current (IH) and generates a Hall signal as sensor 
signal, and comprising a feedback device embodied as an 
amplification device (RV) , to which the first output 
signal is fed and which controls the Hall current. 

20 3. The magnetic field sensor as claimed in claim 1 or 
2, characterized in that the first output signal 
corresponds to the actual value amplitude (AI) of the 
sensor signal and the feedback device (RV) sets the 
supply device with the aid of a predetermined desired 

25 value amplitude (AS) such that the amplitude of the 
sensor signal remains constant . 

4 . The magnetic field sensor as claimed in either of 
claims 2 or 3 , characterized in that the Hall element 
3 0 arrangement detects a rotating magnetic field and a 
second output signal (W) of the evaluation device 
corresponds to the rotation angle determined. 

"5. The magnetic field sensor as claimed in one of 
35 claims 2 to 4 , characterized in that the Hall signal of 
the Hall element arrangement contains a first 
measurement signal (sin W) and a second measurement 
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signal (cos W) , which is phase-shifted by 90° relative 
to the first measurement signal. 

6. The magnetic field sensor as claimed in one of 
5 claims 1 to 5 , characterized in that the evaluation 

device contains an analog- to-digital converter (ADC) , 
which digitizes the sensor signal, and a computation 
device (R) connected downstream, which generates the 
first and/or the second output signal (AI, W) . 

10 

7. The magnetic field sensor as claimed in one of 
claims 1 to 6, characterized in that the feedback 
device contains a comparator (K) , which compares the 
first output signal (AI) with a reference value (AS) , 

15 in that a counter (Z) is connected downstream of the 
comparator, the output signal of the comparator being 
fed to said counter, and in that a digital-to-analog 
converter (DAC) is connected downstream of the counter, 
and converts the output signal of the counter into a 

20 control signal for the supply device. 

8. A method for the operation of a magnetic field 
sensor, in particular a magnetic field sensor as 
claimed in one of claims 1 to 6 , in which a supply 

25 device (IH) supplies a sensor element of the magnetic 
field sensor and the sensor element generates a sensor 
signal that is conditioned by means of an evaluation 
device (ADC, R) to form a first output signal (AI) and 
is fed to a feedback device (RV) , which controls the 

3 0 supply device on the output side. 

9. The method as claimed in claim 8, characterized in 
that the actual value amplitude (AI) of the sensor 
signal is derived from the first output signal and the 

3 5 feedback device (RV) sets the supply device with the 
aid of a predetermined desired value amplitude (AS) 
such that the actual value amplitude of the sensor 
signal remains constant. 
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10. The method as claimed in claim 8 or 9, 
characterized in that a rotating magnetic field is 
detected by means of the sensor element and a second 
output signal (W) corresponding to the rotation angle 

5 is generated by means of the evaluation device. 

11. The method as claimed in one of claims 8 to 10, 
characterized in that a sensor element embodied as a 
Hall element arrangement is arranged in such a way that 

10 the Hall signal contains a first measurement signal 
(sin W) and a second measurement signal (cos W) , which 
is phase-shifted by 90° relative to the first 
measurement signal. 

15 12. The method as claimed in one of claims 8 to 11, 
characterized in that the evaluation device digitizes 
the sensor signal by means of an analog- to-digital 
converter (ADC) , and a computation device (R) connected 
downstream of the evaluation device generates the first 

2 0 and/or the second output signal (AI, W) . 

13. The method as claimed in one of claims 8 to 12, 
characterized in that the first output signal (AI) is 
compared with a reference value (AS) in a comparator, 
2 5 in that a counter (Z) connected downstream of the 
comparator derives a count from the output signal of 
the comparator and a digital-to-analog converter (DAC) 
converts the output signal of the counter into a 
control signal for the supply device. 
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Abstract 

Magnetic field sensor and method for the operation 
thereof 

5 

What is proposed is a magnetic field sensor comprising 
a sensor arrangement (H) , which is supplied by a supply 
device (IH) and generates a sensor signal, comprising 
an evaluation device (ADC, R) , to which the sensor 

10 signal is fed and which outputs a first output signal 
(AI) , and comprising a feedback device (RV) , to which 
the first output signal is fed and which controls the 
supply device. The regulation of the control loop 
closed with the feedback device improves the noise 

15 behavior of the magnetic field sensor. The method 
describes the operation of the magnetic field sensor. 

Significant figure: 1 
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